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(57)Abstract: 

PROBLEM TO BE SOLVED: To improve charge- 
discharge efficiency and potential drop at the time of 

discharging while maintaining a cycle characteristic and u , ^^.^j^., t 

stability at high temperatures by using a positive 

electrode active material formed of a lithium-nickel 

composite oxide added with cobalt, aluminum, boron and 

manganese. 

SOLUTION: This positive electrode active material for a 
lithium ion secondary battery is formed from a lithium- 
nickel composite oxide expressed by formula I. In %,,, n >,. . & 4;.* „,.*;«, 
formula I, relations 0.9sy<1. 3.0.1 <(a+b+c)<0.3, 0.01 <a ^ »•'«*** ' ' n 
0.2, 0.01 <b<0/1, 0/01 <c<0.1 and 0<d<0.03 are satisfied. 
Preferably, this compound is provided by adding a boron 
compound of a quantity equivalent to mole number of 

boron expressed by (d), in an aqueous medium, to a basic metal salt expressed by formula II 
[An- represents and n-valent anion where (n) is an integer in the range of 1-3; 0.03^z<0.3; 0< 
m<2], then adding a lithium compound of a. quantity equivalent to mole number of lithium 
expressed by (y) to it, and spraying or freezing and drying the provided slurry and thereafter, 
baking it at 600-900°C for about 6 house or more in an oxidative environment. 



http://www 19.ipdl.ncipi.go.jp/PA l/resuIt/detai!/main/wAAAShaixvDA4121 49923P 1 .htm 1 0/28/04 



' Searching PA J Page 2 of 2 



LEGAL STATUS 

[Date of request for examination] 

[Date of sending the examiner's decision of 
rejection] 

[Kind of final disposal of application other than 
the examiner's decision of rejection or 
application converted registration] 

[Date of final disposal for application] 

[Patent number] 

[Date of registration] 

[Number of appeal against examiner's 
decision of rejection] 

[Date of requesting appeal against examiner's 
decision of rejection] 

[Date of extinction of right] 



Copyright (C); 1998,2003 Japan Patent Office 



http://wwwl9Jpdl.ncipi.gojp/PAl/result/detail/main/wAA 10/28/04 



Page 1 of 11 



* NOTICES * 

JPO and KCIPI are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** shows the word which can not be translated. 
3.Tn the drawings, any words are not translated. 



DETAILED DESCRIPTION 
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[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the nonaqueous electrolyte rechargeable lithium-ion 
battery which has the positive electrode which consists of the positive active material for rechargeable 
lithium-ion batteries and this positive active material with which charge-and-discharge effectiveness and 
the potential at the time of discharge were improved. 
[0002] 

[Description of the Prior Art] In recent years, it follows on the miniaturization of electronic equipment, 
and carry ing-ization, and, and it is lightweight to nickel / cadmium cell, and a nickel hydoride battery, ' 
and the need of the rechargeable lithium-ion battery which has a high energy consistency is increasing to 
them. LiNi02 and LiCo02 which are the stratified compound which can intercalate and deintercalate a 
lithium ion as positive active material of this rechargeable lithium-ion battery are known. Since LiNi02 
is high electric capacity from LiCo02 and is low cost also in it, it is expected. However, although 
LiNi02 is high capacity, there is a problem in the cycle property at the time of charge and discharge, the 
stability at the time of an elevated temperature, etc., and various amelioration is considered. Since a lot 
of lithium ions **** out of a crystal especially at the time of charge, the crystal structure becomes 
unstable, and since the rearrangement of ion happens and turbulence of the layer structure arises, 
LiNi02 gives the result which is not desirable to a cycle property. In order to improve turbulence of 
such the crystal structure, there is an approach other elements permute some nickel, and 
Electrochimica.Acta 38(9) and the example of research which aimed at the improvement of a cycle 
property by permuting some nickel by other elements, such as cobalt, as indicated by 1 159 (1993) are 
reported. Furthermore, LiNi02 does not have the stability at (he time of charge, especially the desirable 
stability at the time of an elevated temperature as compared with LiCo02. It is, as for this, for a cell 
positive electrode and the electrolytic solution to react, if the rechargeable lithium-ion battery of a 
charge condition is exposed to the bottom of an elevated temperature (60 degrees C or more), and 
LiNi02 is said for reactivity to be high as compared with LiCo02. It is J.Electrochem.Soc. and 144 (9) 
as the amelioration. At 3 i 17 (1997), it is a permutation or J.Electrochem.Soc, and 142 (12) with cobalt, 
manganese, and titanium in some nickel. The example which permuted some nickel with aluminum is 
reported by 4033 (1995). 
[0003] 

[Problem(s) to be Solved by the Invention] For stability amelioration at such a cycle property of 
LiNi02, and an elevated temperature, it finds out that some nickel can be permuted by one or more 
kinds of elements chosen from the group which consists of cobalt, aluminum, manganese, iron, and 
boron, and this invention person etc. has already indicated (international disclosure official report 
number WO 98/No. 06670). The big description of this invention is to have coped with the various 
technical problems to which a dissolution permutatipn can be carried out and LiNi02 has the other 
elements of such varieties on nickel that it is simultaneous and easily. However, although the above- 
mentioned technical problem improves by carrying out the dissolution permutation of the other elements 
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of these varieties on nickel, the following problems have arisen. When aluminum is especially added 
among the permutation elements to nickel, it is that charge-and-discharge effectiveness (initial charge 
capacity / initial discharge capacity) falls with the increment in the amount of aluminum permutations. 
Furthermore, when cobalt is added among permutation elements, it is that the potential at the time of 
discharge falls with the increment in the amount of cobalt permutations. 

[0004] If the amount of negative electrodes of decline in charge-and-discharge effectiveness increases 
and unit volume compares it as a result in the case of cell creation, its cell capacity will decrease, and 
even if capacity is high, per energy, the potential lowering at the time of discharge brings a low result, 
and poses a big problem in respect of high-capacity-izing of a rechargeable lithium-ion battery. For this 
reason, it is necessary to also improve these properties, in view of the whole cell 
[0005] 

[Means for Solving the Problem] Although it turned out that the cycle property which was the technical 
problem of LiNi02 conventionally by optimizing the combination of nickel, cobalt, aluminum, and 
boron while this invention persons also advance research of positive active material, and the stability at 
the time of an elevated temperature are improvable, the problem of decline in charge-and-discharge 
effectiveness and lowering of the potential at the time of discharge has arisen conversely. Then, this 
invention persons found out improving an improvement of charge-and-discharge effectiveness and the 
potential lowering at the time of discharge, maintaining a cycle property and the stability at the time of 
an elevated temperature by adding the optimal quantity of manganese to cobalt, aluminum, and boron 
further as a permutation element to nickel, as a result of repeating examination further wholeheartedly. 
[0006] That is, this invention is a general formula (1). Liy(nickell-(a+b+c) CoaAlbMnc)l-dBd02 (1) 
(However, y, a, b, c, and d show the presentation ratio of Li, nickel, Co, aluminum, Mn, and B ) y is 
0.9<=y<=1.3, and a, b, and c are 0. K(a+b+c) <=0.3. a is [ 0.0 1< b<=0.1 and c of 0.0K a<=0.2 andb] 
0.0 1< c<-0. 1 , and d is positive active material for rechargeable lithium-ion batteries which consists of a 
lithium nickel multiple oxide shown by 0<=d<=0.03. 

[0007] The lithium nickel multiple oxide of this invention can be manufactured by carrying out the 
dissolution permutation of the cobalt with which are satisfied of the relational expression (presentation) 
shown by the above-mentioned general formula (1), aluminum, manganese, and the boron on nickel. 
This lithium nickel multiple oxide is useful as positive active material which can control an 
improvement of charge-and-discharge effectiveness and the potential lowering at the time of discharge, 
and attains high energy-ization of a rechargeable lithium-ion battery, maintaining a good cycle property 
and the stability at the time of an elevated temperature. 

[0008] In the lithium nickel multiple oxide shown by the above-mentioned general formula (1), as for 
the content of nickel, at least 0.68 or more are desirable, and its cell capacity is too low as nickel system 
positive active material less than [ this ]. 

[0009] Although a cycle property and charge-and-discharge effectiveness will improve if the amount of 
cobalt permutations is 0.0 1< b<=0. 1, the amount of cobalt permutations of the amount [ 0.0K a<=0.2 
and ] of aluminum permutations increases and the amount of part aluminum permutations decreases, 
stability at the time of an elevated temperature cannot be guaranteed, and lowering of the potential at the 
time of discharge is seen. On the contrary, although the stability at the time of an elevated temperature 
will improve if the amount of part cobalt permutations of an increase or Perilla frutescens (L.) Britton 
var. crispa(Thunb.) Decne. decreases, a problem'produces the amount of aluminum permutations in a 
cycle property and charge-and-discharge effectiveness. Then, maintaining the stability at the time of the 
elevated temperature according to the amount of aluminum permutations, if the 3 element permutation 
system of cobalt, aluminum, and boron is made into the 4 element permutation system which added 
manganese and some large cobalt of especially the addition range is replaced from manganese 
especially, the amount of the expensive cobalt used decreased, and also a cycle property, charge-and- 
discharge effectiveness, and the potential at the time of discharge can also be improved. 
[0010] Although the permutation range of the manganese of this invention especially changes with 
amount of the cobalt which permutes nickel, aluminum, and the boron used and it is not limited it is 
0.0 1< c<=0. 1 preferably, and is 0.025<=c<=0.06 more preferably in an improvement of charge-and- 
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discharge effectiveness, and less than [ it ], effectiveness is not seen and effectiveness falls to reverse a 
little more than by it. In an improvement of the potential at the time of charge and discharge, the range 
of the permutation range of manganese is 0.05<=c<=0.1 preferably. In this case, if there are at least 0.05 
or more, even if it will increase the amount of permutations to 0.1, there is no difference not much. 
[001 1] although the amount of the boron used especially change with amount of the cobalt which 
permute nickel , aluminum , and the manganese used and it be limit , it be 0<=d<=0.03 preferably , and 
if the improvement in a cell property ( lowering of open-circuit voltage , lowering of polarization ) be 
possible and 0.03 be exceed , maintain a cycle property and the stability at the time of an elevated 
temperature in these range , a cell property will worsen at reverse . 

[0012] Therefore, as for the nickel permutation range of cobalt, aluminum, manganese, and boron, it is 
desirable that they are the following range. 

(1) As for a, b, and c, it is desirable that 0.01<a<=0.2 and (3) b is [ 0.01<c<=0.1 and (5) d of 

0.01<b<=0.1 and (4) c ] 0<=d<=0.03 for 0.3 and 0.1<(a+b+c) <=(2) a 

[0013] 

[Embodiment of the Invention] Hereafter, the positive active material for rechargeable lithium-ion 
batteries concerning this invention is explained concretely. Although the positive active material for 
rechargeable lithium-ion batteries of this invention improves a cycle property and the stability at the 
time of an elevated temperature by carrying out the dissolution permutation of some nickel by the 3 
element system of the cobalt of the predetermined presentation range , aluminum , and boron , it is an 
improvement ( it controls ) ingredient about decline in the charge-and-discharge effectiveness which 
became a problem by the above-mentioned 3 element system , and the potential lowering at the time of 
discharge by replacing some cobalt from manganese further and carrying out the dissolution permutation 
of some nickel by the 4 element system . Although it is not clear about this improved reason, it thinks as 
follows. Although a cycle property and charge-and-discharge effectiveness will be improved if cobalt 
permutes some nickel of LiNi02, the potential at the time of discharge falls with the increment in the 
amount of permutations of cobalt. Then, the amount of cobalt permutations decreases by replacing a part 
of amount of cobalt permutations from manganese, the potential lowering at the time of the part 
discharge is controlled, and further, since manganese is an ingredient with conductivity lower than 
nickel and cobalt, potential is considered to become high. Moreover, although the stability at the time of 
an elevated temperature improves by transposing a part of cobalt permutation to what permuted some 
nickel of the above LiNi02 with cobalt with aluminum farther, charge-and-discharge effectiveness falls 
to an increment and ** of the amount of aluminum permutations, then, the amount of aluminum 
permutations - it remains as it is, and in order that LiNi02 structure may be stable by permuting some 
cobalt from a proper quantity of manganese further, it is thought that charge-and-discharge effectiveness 
improves. Therefore, the improvement of charge-and-discharge effectiveness and the improvement of 
the potential at the time of discharge were able to be attained, maintaining the nickel shown by Liy 
(nickel 1 -(a+b) CoaAlb) l-dBd02, cobalt, the cycle property improved by the 3 element system by 
making it the 4 element permutation system shown by the general formula (1) of this invention which 
replaced some cobalt from manganese further to the 3 element permutation system of aluminum, and the 
stability at the time of an elevated temperature. The proper presentation range of each element turns into 
range shown by the general formula (1 ). 

[0014] The lithium nickel multiple oxide of this invention can be obtained by the following processes. 
[0015] Specifically, it is a general formula (1). 

Liy (nickel I -(a+b+c) CoaAlbMnc)l-dBd02 (However, y, a, b, c, and d show the presentation ratio of Li, 
nickel, Co, aluminum, Mn, and B.) y is 0.9<=y<=1.3, and a, b, and c are 0. K(a+b+e) <=0.3. In the 
lithium nickel multiple oxide in which O.OK b<=0.1 and c of 0.0K a<=0.2 and b is [ a ] 0.0K c<=0.1, 
and d is shown by 0<=d<=0.03 ( 1) - the case where boron is not included (d= 0) - it is - :general 
formula - (2) nickel 1 -(a+b+c) CoaAlbMnc(OH) (2+b-nz) (An-) z</SUB> and mH20 (2) 
(~ inside of formula, and An- the anion of n- ** (n=l -3), and z and m - respectively - 0.03<=z<=0. ~ 
the positive number which satisfies the range of 3 and 6<=m<2 is shown. The lithium compound of the 
amount equivalent to the number of lithium atom mols shown in the basic metal salt shown by y is 
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added in a water medium.) - About 600-900 degrees C of obtained slurries can be manufactured by 
calcinating for about 4 hours or more under an oxidizing atmosphere after the fuel spray or freeze 
drying, 

[0016] Moreover, it is the case where (2) boron is included (d!=0), and is :general formula (2) nickell- 
(a+b+c) CoaAlbMnc(OH) (2+b-nz) (An-) z-mH20 (among a formula), the positive number with which 
An- is satisfied with of the anion of n ** "(n=l-3), and z and m are satisfied of the range of 0.03<=z<=0.3 
and 0<=m<2, respectively is shown. The boron compound of the amount equivalent to the number of 
boron atom mols shown in the basic metal salt shown by d is added in a water medium. The lithium 
compound of the amount equivalent to the number of lithium atom mols furthermore shown by y can be 
added in a water medium, and about 600-900 degrees C of obtained slurries can be manufactured by 
calcinating for about 4 hours or more under an oxidizing atmosphere after the fuel spray or freeze 
drying. If compared in this invention, a spray drying method will be more desirable. What contains the 
anion which vaporizes at the time of baking as a water-soluble lithium compound and a basic metal salt 
is used suitably. 

[00 17] As a lithium compound, one sort or two sorts or more can be chosen from LiOH, LiN03, 
Li2COs3, or these hydrates, for example. 

[00 1 8] As An- in a basic metal salt, it can choose from the anion shown by N03-, C1-, Br-, CH3COO- 
C032-, S042-, etc., for example. 

[0019] In these compounds, the combination whose anion is a nitric acid as a boric acid and a basic 
metal salt as LiOH and a boron compound as a lithium compound from viewpoints, such as a 
deployment of yield, reactivity, and a resource and an oxidization facilitatory effect, is desirable 
especially from a viewpoint of a cell property. 

[0020] About 0.7-0.95Eq of basic metal salts used here can be manufactured to the water solution of a 
nickel l-(a+b+c) CoaAlbMnc salt by adding about 0.8-0.95Eq "alkali, and making it react under reaction 
condition about 80 degrees C or less preferably. As alkali used here, they are the hydroxide of alkaline 
earth metal, such as a hydroxide of alkaline metals, such as a sodium hydroxide, and a calcium 
hydroxide, amines, etc., for example. In addition, when this basic metal salt ripes at 20-70 degrees C 
after composition for 0. 1 to 10 hours, it is still more desirable, subsequently, rinsing - a by-product - 
removing - a lithium compound - and in manufacturing the multiple oxide containing boron, it adds a 
boron compound further. 

[0021 ] As a boron compound, a boric acid, a tetraboric-acid lithium, etc. can use it suitably. 

[0022] Desiccation of the sluny obtained by such reaction has the fuel spray or a preferably desirable 

freeze drying method. 

[0023] The spray drying method for the ability to dry in an instant and obtain a spherical object is 
suitable from a homogeneous (by the drying method which the drying time requires, a lithium shifts to a 
front face and it becomes an uneven constituent.) viewpoint of spherical granulation nature and a 
constituent. 

[0024] 600-900 degrees C, baking is earned out preferably in a 750-850-degree C temperature 
requirement, and is performed under an oxygen air current in about 4 hours or more. About about 4 - 20 
houis is preferably good more desirably for 4 to 72 hours. If firing time is 72 hours or more, in 
connection with the vaporization of a lithium, the trivalent rate of (nickel+Co+Mn) will become rather 
low and it not only becomes a cost rise, but it will serve as an object with bad purity. 
[0025] With the technique about this baking, the compound of this invention can be obtained very 
economically by the simple process in known techniques, such as dry process, to the nickel which 
cannot become trivalent from divalent easily, in view of baking of at least 20 hours or more having been 
demanded. 

[0026] When enlarging bulk density, a press-forming method is advantageous! 

[0027] For example, a multiple oxide with high degree of crystal linity and purity can be obtained greatly 
[ bulk density ] by carrying out press forming of the spray drying article by which little dissolution was 
carried out to the homogeneity acquired by the describing [ above ] spray drying method. 
[0028] The spherical objects which are a spray drying article are fine particles excellent in a fluidity, a 
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moldability, and restoration nature, and can carry out press forming according to a conventional method 
as it is. 

[0029] Although moulding pressure changes with a press machine, charges, etc. and it is not limited 
especially, about 500-3 000kg/cm2 is usually suitable. There is especially no limit that a press-forming 
machine should just be what can be pressed although a tableting machine, a briquette machine, a roller 
compactor, etc. can be used suitably. 

[0030] I -4g [ /] cc is preferably suitable for the consistency of a press article in about 2-3g /cc. 
[003 1] Press forming. is very useful at the point that an intermolecular travel becomes short and 
promotes the crystal growth at the time of baking. Therefore, the ingredient with which press molding is 
presented does not necessarily need to be the spherical object of a spray drying article, and can use a 
freeze-drying article similarly. 

[0032] This press-forming article is calcinated as it is. 600-900 degrees C, burning temperature is 750- 
850 degrees C, and is usually preferably performed under an oxygen air current in 4 hours or more. 
Since a primary particle becomes large so that firing time is long, firing time is decided by magnitude of 
a desired primary particle. 

[0033] Thus, maintaining the ** cycle property of the technical problem which this invention persons 
indicated in the open official report WO 98/No. 06670, and the stability at the time of an elevated 
temperature, an improvement of charge-and-discharge effectiveness and the potential at the time of 
discharge are improved further, and the lithium nickel multiple oxide of the obtained above-mentioned 
general formula (1) display can be effectively used as a positive-electrode ingredient for rechargeable 
lithium-ion batteries. 

[0034] Namely, the nonaqueous electrolyte rechargeable lithium-ion battery of this invention sets 
lithium salt to the nonaqueous electrolyte rechargeable lithium-ion battery which consists of nonaqueous 
electrolyte which dissolves or distributes and becomes a nonaqueous medium, and the above-mentioned 
positive active material is [ the positive electrode containing positive active material, the negative 
electrode in which a dope and a dedope of a lithium are possible, and ] a general formula (1). Liy 
(nickel l-(a+b+c) CoaAlbMnc)l-dBd02 (1) 

(However, y, a, b, c, and d show the presentation ratio of Li, nickel, Co, aluminum, Mn, and B.) y is 
0.9<=y<=1.3, and a, b, and c are 0.1<(a+b+c) <=0.3. a is [ 0.0K b<=0.1 and c of 0.0K a<=0.2 and b ] 
0.0 1< c<=0.1, and d is characterized by being the lithium nickel multiple oxide shown by 0<=d<=0.03. 
[0035] as the approach of producing a positive electrode using positive active material — a conventional 
method - following - for example, the powder of positive active material, electrical conducting 
materials, such as carbon black and graphite, and binder resin, such as polyvinylidene fluoride, - 
homogeneity - mixing - a positive electrode - a mixture - a constituent can be prepared and the 
positive electrode of the pellet configuration for coin mold rechargeable batteries can be produced by 
carrying out compression molding. 

[0036] moreover, the powder, the electrical conducting materia], and binder resin of positive active 
material - in addition, still better known solvents, for example, solvents, such as a formamide and N- 
methyl pyrrolidone, -- adding - a **-strike-like positive electrode - the positive electrode for telescopic 
or square shape rechargeable batteries is producible by adjusting a mixture, applying it to a positive- 
electrode charge collector, and drying. 

[0037J The above-mentioned positive electrode can be suitably used in the nonaqueous electrolyte 
rechargeable battery which consists of a negative electrode which consists of an ingredient in which a 
dope and a dedope of a lithium are possible, for example, a carbonaceous ingredient, and a lithium alloy, 
and nonaqueous electrolyte which comes to dissolve lithium salt. As an ingredient in which a dope and a 
dedope of this lithium are possible, polymers, such as carbonaceous ingredients, such as an organic high 
molecular compound baking object which calcinated corks, such as pyrolytic carbon, pitch coke, 
petroleum coke, and needle coke, graphite, glassy carbon, phenol resin, furan resin, etc. at suitable 
temperature, a carbon fiber, and activated carbon, or polyacethylene, and polypyrrole, etc. can be used, 
for example. As a lithium alloy, a lithium-aluminum alloy etc. can be used, for example 
[0038] the case where a positive electrode is produced when for example, a carbonaceous ingredient is 
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used for a negative electrode — the same — processing — for example, the powder of a carbonaceous 
ingredient and binder resin, such as polyvinylidene fluoride, — homogeneity — mixing — a negative 
electrode - a mixture — a constituent can be adjusted and the negative electrode of the pellet 
configuration for coin mold rechargeable batteries can be produced by carrying out compression 
molding of it. When using a metal lithium and a lithium alloy as a negative-electrode ingredient, a 
negative electrode can be produced by piercing mechanically a tabular metal lithium or a tabular lithium 
alloy in a predetermined configuration (for example, pellet configuration). 

[0039] Nonaqueous electrolyte and the solid electrolyte which dissolve or distribute and become well- 
known nonaqueous media (a non-aqueous solvent or ion conductive polymer) about a lithium salt 
electrolyte as nonaqueous electrolyte which constitutes a nonaqueous electrolyte rechargeable battery 
can be used. 

[0040] As a non-aqueous solvent of nonaqueous electrolyte, propylene carbonate, ethylene carbonate, 
butylene carbonate, vinylene carbonate, gamma-butyl lactone, a sulfolane, 1, 2-dimethoxyethane, 1, 2- 
diethoxy ethane, 2-methy 1 tetrahydrofuran, the 3-methyl -1 , 3-dioxolane, methyl propionate, methyl 
butyrate, JTMECHTNORE carbonate, diethyl carbonate, dipropyl carbonate, etc. can be used. The above- 
mentioned solvent can be used and **(ed) combining one sort or two kinds or more. 
[0041] as an electrolyte - LiC104, UPF6, LiAsF6, LiBF4, and LiCF3 - S03, LiN (CF3S02), etc. can 
be used. About other configurations of a nonaqueous electrolyte rechargeable battery, for example, a 
separator, and a cell can, it can be made to be the same as that of the conventional nonaqueous 
electrolyte rechargeable battery, and is not limited especially. Moreover, it is not limited especially 
about the configuration of a cell, either and can be made the configuration of arbitration, such as 
cylindrical, a square shape, a coin mold, and a carbon button mold. 
[0042] Hereafter, the detail of this invention is explained with an example. 

[Example] (Example 1) They are nickel nitrate, a cobalt nitrate, and a nitric acid so that it may be set 
to : nickel: Co: aluminum: Mn mole-ratio =80:10:5:5, when permuting the part of the nickel of LiNi02 by 
nickel: Co: aluminum: Mn(mole ratio) =80:10:5:5 presentation. Aluminum And the mixed water solution 
with which the total number of mols which uses manganese nitrate (nickel+Co+aluminum+Mn) is set to 
4.0M was prepared. The sodium-hydroxide solution of 4.0M was prepared to the pan, simultaneous 
adding was performed so that it might be set to pH9.5 under churning of both water solutions at ****** 
using a metering pump, and the successive reaction was performed in reaction temperature [ of 25 
degrees C ], and residence- time 15 minutes. After filtering and rinsing the acquired resultant (the 
presentation was nickel0.8Co0.1aluminum0.05Mn0.05(OH) 1.7 (N03) 0.35.0.22H2O in addition 
although it dried in part.) and making water suspend, the boric acid of the amount which is equivalent 
to :B mole-ratio =99: 1 to said nickel, Co, aluminum, and Mn (nickel+Co+aluminum+Mn) was added, 
and it considered as the slurry. Spray drying was performed after adding the lithium-hydroxide water 
solution of 3.0M of the amount which is equivalent to this slurry at the mole ratio of Li/ 
(nickel+Co+aluminum+Mn+B) =1.05. The obtained desiccation gel was put into the board made from 
an alumina, and the tubular furnace ( TF-630 made from the Yamada electrical and electric equipment 
mold) performed baking in 750^850 degrees C under the oxygen negotiation for 15 hours. When X 
diffraction measurement of a baking object was performed, it was similar with the pattern registered into 
09-0063 (LiNi02) of Joint committee on powder diffraction. standards (it considers as Following 
JCPDS), and any peaks other than the peak which belongs to LiNi02 were not accepted, and it was 
checked that components other than nickel have the same crystal structure as LiNi02 which dissolved to 
homogeneity in nickel ( drawing 2 ). 

[0043] creation [ of a positive electrode ]: - creation of a positive electrode is first set to 70:20: 10 by the 
weight ratio in Teflon as positive active material, the acetylene black which is an electric conduction 
agent, and a binder - as — mixing — this positive-electrode agent - application-of-pressure molding of 
the 3 1 [ /] 75mg was canned out by 2 cm at the pellet type with a diameter of 1 8mm, it pierced in 
diameter of 1 6mm, and after fully drying, it considered as the positive electrode. The sectional view of a 
cell which manufactured using the electrode created as mentioned above is shown in drawing 1 . 
[0044] Said positive electrode 7 was assembled on the 2032 mold coin cell all over the glove 
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compartment of an argon ambient atmosphere. 1:2 mixed solutions of ethylene carbonate (EC) and 1 
dimethyl carbonate (DMC) which make one-mol LiPF6 a supporting electrolyte were used for the 
electrolytic solution at the negative electrode 2 using the lithium metal with a diameter [ of 1 5mm ], and 
a thickness of 1mm. 

[0045] About the cell created as mentioned above, the charge and discharge test was performed with the 
current density of 0.4 mA/cm2 in [ cell ] 3.0V-4.3V. The result of initial charge-and-discharge 
effectiveness and an initial discharge curve is shown in a table 1 and drawing 5 . 
[0046] (Example 2) When the part of the nickel of LiNi02 is permuted by the example 1 and this 
presentation and boron is not included: Spray drying was performed after adding the lithium-hydroxide 
water solution of 3.0M of the amount which is equivalent to the reaction slurry obtained in the example 

1 at the mole ratio of Li/(nickel+Co+aluminum+Mn) =1 .05. The obtained desiccation gel was put into 
the board made from an alumina, and said tubular furnace performed baking in 750-850 degrees C under 
the oxygen negotiation for 15 hours. When X diffraction measurement of a baking object was 
performed, it was similar with the pattern registered into 09-0063 of JCPDS, and any peaks other than 
the peak which belongs to LiNi02 were not accepted, and it was checked that components other than 
nickel have the same crystal structure as LiNi02 which dissolved to homogeneity in nickel ( drawing 

2 ). Furthermore, the cell was produced by the same approach as an example 1, and the charge and 
discharge test was performed on these conditions. The result of initial charge-and-discharge 
effectiveness and an initial discharge curve is shown in a table 1 and drawing 6 . 

[0047] (Example 3) They are nickel nitrate, a cobalt nitrate, and a nitric acid so that it may be set 
to :nickel:Co:aluminum:Mn(mole ratio) =80:5:5:10, when permuting the part of the nickel of LiNi02 by 
nickcl:Co:aluminum:Mn(mole ratio) =80:5:5: 10 presentation. Aluminum And the mixed water solution 
with which the total number of mols which uses manganese nitrate (nickel+Co+aluminum+Mn) is set to 
4.0M was prepared, it was operated like the example 1 below, and the baking object was obtained. 
[0048] In addition, the presentation of the object which the resultant acquired on the way dried the part 
was nickel0.8Co0.05aluminum0.05Mn0.1(OH) 1.82 (N03) 0.23.0. 18H20. When X diffraction 
measurement of a baking object was performed, it was similar with the pattern registered into 09-0063 
of JCPDS, and any peaks other than the peak which belongs to LiNi02 were not accepted, and it was 
checked that components other than nickel have the same crystal structure as LiNi02 which dissolved to 
homogeneity in nickel ( drawing 2 ). Furthermore, the cell was produced by the same approach as an 
example 1, and the charge and discharge test was performed on these conditions. The result of initial 
charge-and-discharge effectiveness and an initial discharge curve is shown in a table 1 and drawing 5 . 
[0049] (Example 4) When the part of the nickel of LiNi02 is permuted by the example 3 and this 
presentation and boron is not included: Spray drying was performed after adding the lithium-hydroxide 
water solution of 3.0M of the amount which is equivalent to the reaction slurry obtained in the example 

3 at the mole ratio of Li/(nickeH-Co+aluminum+Mn) =1 .05. The obtained desiccation gel was put into 
the board made from an alumina, and said tubular furnace performed baking in 750-850 degrees C under 
the oxygen negotiation for 15 hours. When X diffraction measurement of a baking object was 
performed, it was similar with the pattern registered into 09-0063 of JCPDS, and any peaks other than 
the peak which belongs to LiNi02 were not accepted, and it was checked that components other than 
nickel have the same crystal structure as LiNi02 which dissolved to homogeneity in nickel ( drawing 

2 ). Furthermore, the cell was produced by the same approach as an example 1, and the charge and 
discharge test was performed on these conditions. The result of initial charge-and-discharge 
effectiveness and an initial discharge curve is shown in a table 1 and drawing 6. 
[0050] (Example 1 of a comparison) They are nickel nitrate and a cobalt nitrate so that it may be set 
to :nickel:Co:aluminum(mole ratio) =80: 1 5:5, when permuting the part of the nickel of LiNi02 by 
nickel: Co: aluminum(mole ratio) =80: 15:5 presentation. And nitric acid The mixed water solution with 
which the total number of mols which uses aluminum (nickel+Co+aluminum) is set to 4.0M was 
prepared. The sodium-hydroxide solution of 4.0M was prepared to the pan, simultaneous adding was 
performed so that it might be set to pH9.5 under churning of both water solutions at ****** using a 
metering pump, and the successive reaction was performed in reaction temperature [ of 25 degrees C ], 
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and residence-time 15 minutes. After filtering and rinsing the acquired resultant (the presentation was 
nickelO,8Co0.15aluminum0.05(OH) 1.86 (N03) 0.19.0.24H2O in addition although it dried in part.) and 
making water suspend, the boric acid of the amount which is equivalent to :B(mole ratio) =99:1 to said 
nickel, Co, and aluminum (nickel+Co+aluminwn) was added, and it considered as the slurry. Spray 
drying was performed after adding the lithium-hydroxide water solution of 3.0M of the amount which is 
equivalent to this slurry at the mole ratio of Li/(nickel+Co+aluminum+B) =1 .05. The obtained 
desiccation gel was put into the board made from an alumina, and said tubular furnace performed baking 
in 750-850 degrees C under the oxygen negotiation for 15 hours. When X diffraction measurement of a 
baking object' was performed, it was similar with the pattern registered into 09-0063 of JCPDS, and any 
peaks other than the peak which belongs to LiNi02 were not accepted, and it was checked that' 
components other than nickel have the same crystal structure as LiNi02 which dissolved to 
homogeneity in nickel ( drawing 2 ). Furthermore, the cell was produced by the same approach as an 
example 1, and the charge and discharge test was performed on these conditions. The result of initial 
charge-and-discharge effectiveness and an initial discharge curve is shown in a table 1, drawing 5 , and 
6. 

[0051] 



fA table 11 




lata 






U(Ni0.8CoO.lAl0.O5Mn0.O5)O.99BO.OlO2 


89.9 




liNTiO.8CoO.lAlO.05MnO.0502 


88.3 




U(Ni0.8Co0.05A10.05Mn0.1)0.99B0.01O2 


87.6 




LiNiO.8CoO.05AJO.05MnO.l02 


85.6 




Lj(Nif).8Co0.1 5AIO.O5)0.09BO.OlO2 


85.1 



[0052] (Example 5) They are nickel nitrate, a cobalt nitrate, and a nitric acid so that it may be set 
to :nickel:Co:aluminum:Mn(mole ratio) =80:12.5:2.5:5, when permuting the part of the nickel of 
LiNi02 by 80:12.5:2.nickel:Co:aluminum:Mn(mole ratio) =5:5 presentation. Aluminum And the mixed 
water solution with which the total number of mols which uses manganese nitrate 
(nickel+Co+alumirium+Mn) is set to 4.0M was prepared, it was operated like the example 1 below, and 
the baking object was obtained. In addition, the presentation of the object which the resultant acquired 
on the way dried the part was nickel0.8CoO. 125aluminum0.025Mn0.05(OH) 1 .79 (N03) 
0.235.0.21H2O. When X diffraction measurement of a baking object was performed, it was similar with 
the pattern registered into 09-0063 of JCPDS, and any peaks other than the peak which belongs to 
LiNi02 were not accepted, and it was checked that components other than nickel have the same crystal 
structure as LiNi02 which dissolved to homogeneity in nickel ( drawing 3 ). Furthermore, the cell was 
produced by the same approach as an example 1, and the charge and discharge test was performed on 
these, conditions. The result of initial charge-and-discharge effectiveness and an initial discharge curve is 
shown in a table 2 and drawing 7 . 

[0053] (Example 2 of a comparison) They are nickel nitrate and a cobalt nitrate so that it may be set 
to : nickel: Co: aluminum(mole ratio) =80: 17.5:2.5, when permuting the part of the nickel of LiNi02 by 
80: 17.5:2.nickel:Co:aluminum(mole ratio) =5 presentation. And nitric acid The mixed water solution 
with which the total number of mols which uses aluminum (nickel+Co+aluminum) is set to 4.0M was 
prepared. The sodium-hydroxide solution of 4.0M was prepared to the pan, simultaneous adding was 
performed so that it might be set to pH9.5 under churning of both water solutions at ****** us ing a 
metering pump, and the successive reaction was performed in reaction temperature [ of 25 degrees C ], 
and residence-time 15 minutes. After filtering and rinsing the acquired resultant (the presentation was ' 
nickel0.8Co0.175aluminum0.025(OH) 1.84 (N03) 0.185.0.23H2O in addition although it dried in part) 
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and making water suspend, the boric acid of the amount which is equivalent to :B(mole ratio) =99: 1 to 
said nickel, Co, and aluminum (nickel+Co+aluminum) was added, and it considered as the slurry. Spray 
drying was performed after adding the lithium-hydroxide water solution of 3.0M of the amount which is 
equivalent to this slurry at the mole ratio of Li/(nickel+Co++aluminum+B) =1.05. The obtained 
desiccation gel was put into the board made from an alumina, and said tubular furnace performed baking 
in 750-850 degrees C under the oxygen negotiation for 15 hours. When X diffraction measurement of a 
baking object was performed, it was similar with the pattern registered into 09-0063 of JCPDS, and any 
peaks other than the peak which belongs to LiNi02 were not accepted, and it was checked that 
components other than nickel have the same crystal structure as LiNi02 which dissolved to 
homogeneity in nickel ( drawing 3 V Furthermore, the cell was produced by the same approach as an 
example 1, and the charge and discharge test was performed on these conditions. The result of initial 
charge-and-discharge effectiveness and an initial discharge curve is shown in a table 2 and drawing 7 
[0054] w ^ * 





m 


aw*** 

8WK%) 




U^Ji0.8Co0.125A10.02gMn0.06X>-99B0.0lO2 


90.6 


mm2 


U(Ni0.8CoO. 175Al0.026)0.99B0.0lO2 


87.2 



[0055] (Example 6) They are nickel nitrate, a cobalt nitrate, and an aluminium nitrate so that it may be 
set to mickel: Co: aluminum: Mn(moIe ratio) =70:15:10:5, when permuting the part of the nickel of 
LiNi02 by nickel:Co:aluminum:Mn(mole ratio) =70:15:10:5 presentation. And the mixed water solution 
with which the total number of mols which uses manganese nitrate (nickel+Co+aluminum+Mn) is set to 
4.0M was prepared, it was operated like the example 1 below, and the baking object was obtained. In 
addition, the presentation of the object which the resultant acquired on the way dried the part was 
nickel0.7Co0.15aluminum0.1Mn0.05(OH) 1.86 (N03) 0.24. 0.23 H20. 

[0056] When X diffraction measurement of a baking object was performed, it was similar with the 
pattern registered into 09-0063 of JCPDS, and any peaks other than the peak which belongs to LiNi02 
were not accepted, and it was checked that components other than nickel have the same crystal structure 
as LiNi02 which dissolved to homogeneity in nickel ( drawing 4 ). Furthermore, the cell was produced 
by the same approach as an example 1, and the charge and discharge test was performed on these 
conditions. The result of initial charge-and-discharge effectiveness and an initial discharge curve is 
shown in a table 3 and drawing 8 . 

[0057] (Example 3 of a comparison) They are nickel nitrate and a cobalt nitrate so that.it may be set 
to :nickel:Co:aluminum(mole ratio) =70:20:10, when permuting the part of the nickel of LiNi02 by 
nickel:Co:aluminum(mole ratio) =70:20: 1 0 presentation. And the mixed water solution with which the 
total number of mols which uses an aluminium nitrate (nickel+Co+aluminum) is set to 4.0M was 
prepared. The sodium-hydroxide solution of 4.0M was prepared to the pan, simultaneous adding was 
performed so that it might be set to pH9.5 under churning of both water solutions at ****** using a 
metering pump, and the successive reaction was performed in reaction temperature [ of 25 degrees C ], 
and residence-time 1 5 minutes. After filtering and rinsing the acquired resultant (the presentation was 
nickel0.7Co0.2aluminum0.1(OH) 1 .79 (N03) 0.31.0.24H2O in addition although it dried in part.) and 
making water suspend, the boric acid of the amount which is equivalent to :B(mole ratio) =99: 1 to said 
nickel, Co, and aluminum (nickel+Co+aluminum) was added, and it considered as the slurry. Spray 
drying was performed after adding the lithium-hydroxide water solution of 3.0M of the amount which is 
equivalent to this slurry at the mole ratio of Li/(nickel+Co+aluminum+B) =1.05. The obtained 
desiccation gel was put into the board made from an alumina, and said tubular furnace performed baking 
in 750-850 degrees C under the oxygen negotiation for 15 hours. When X diffraction measurement of a 
baking object was performed, it was similar with the pattern registered into 09-0063 of JCPDS, and any 
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peaks other than the peak which belongs to LiNi02 were not accepted, and it was checked that 
components other than nickel have the same crystal structure as LiNi02 which dissolved to 
homogeneity in nickel ( drawing 4 ). Furthermore, the cell was produced by the same approach as an 
example 1 , and the charge and discharge test was performed on these conditions. The result of initial 
charge-and-discharge effectiveness and an initial discharge curve is shown in a table 3 and drawin g 8 
\A table 3] 











U(Ni0.7CoO. 16A10. lMa0.05)0.99B0.0 102 


91.0 


Jt«EW3 


Li(Ni0.7Co0.2Al0.1)0.99Ba0lO2 


85.2' 



[0058] When the above result is summarized, as the result of a table 1 shows, it turns out that the 
amount of manganese permutations will increase if the charge-and-discharge effectiveness in 
comparison with the example 1 of a comparison is improved and examples 1, 2, 3, and 4 compare 
examples 1 and 3 and examples 2 and 3, and charge-and-discharge effectiveness will fall if the amount 
of part cobalt permutations decreases. When charge-and-discharge effectiveness is improved also for the 
result of a table 3 to the example 6 compared with the example 3 of a comparison by improving charge- 
and-discharge effectiveness compared with the example 2 of a comparison and the result of a table 2 to 
the example 5 furthermore replaces a part of amount of cobalt permutations from manganese clearly, an 
improvement of charge-and-discharge effectiveness is found. 

[0059] Moreover, drawing 5 and the result of 6, 7, and 8 show that the discharge potential of each 
example is highly improved compared with the discharge potential of each example of a comparison. 
[0060] The capacity maintenance factor (discharge capacity xlOO / first time discharge capacity of each 
cycle) to the number of cycles shows the cycle property of examples 1 and 3 and the example 1 of a 
comparison to drawing 9 as a typical sample here. 

[0061] Creation of a cell and a Measuring condition were performed according to the example I. As the 
result of drawing 9. also shows, it turns out maintenance or that it is improved further also in the 
examples 1 and 3 with which the cycle property shown in the example 1 of a comparison replaced some 
cobalt of the example 1 of a comparison from manganese. Furthermore, measurement by the following 
differential heat was performed as a stability test at the time of an elevated temperature as a typical 
sample about the group of examples 1 and 3, the group of the example 1 of a comparison and an 
example 5, and the example 2 of a comparison. The cell shown in the example 1 is created, the cell after 
first time charge is disassembled, and a positive electrode is taken out. A positive electrode is pierced 
three sheets with metal mold with a diameter of 4mm, and a vacuum drying is performed for the pierced 
positive electrode after washing by dimethyl carbonate for 2 hours. 

[0062] Differential-calorimetry equipment performs the dry positive electrode, it measures with the 
bottom of an air negotiation, and 10-degree-C programming rate for /, oxygen desorption temperature 
and exothermic peak temperature are measured, and the result is shown in a table 4. 



;0063] 
: A table 4] 










236.8 


233.6 




234.2 


2S5.3 




234.0 


237.2 



[0064] As compared with die example 1 of a comparison, as for examples 1 and 3, a difference is not 
seen by oxygen desorption initiation temperature and exothermic peak temperature so that the result of a 
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table 4 may show. 

[0065] 

[A table 5] 











232.8 


231.8 


mm 2 


231.1 


230.0 



The result of the above-mentioned table 5 shows that a difference is not seen by oxygen desorption 
initiation temperature and exothermic peak temperature in the comparison with an example 5 and the 
example 2 of a comparison. Namely, as the result of a table 4 shows, even if a difference is not seen by 
oxygen desorption initiation temperature and exothermic peak temperature, a difference is not further 
seen by oxygen desorption initiation temperature and exothermic peak temperature in the comparison 
with an example 5 and the example 2 of a comparison from the result of a table 5 and it replaces some 
cobalt of the example of a comparison from manganese, as compared with the example 1 of a 
comparison, as for examples 1 and 3, it turns out that the stability at the time of an elevated temperature 
is maintained. 
[0066] 

[Effect of the Invention] The rechargeable lithium-ion battery using the positive active material for 
rechargeable lithium-ion batteries and this positive active material with which charge-and-discharge 
effectiveness and the potential at the time of discharge were improved further has been offered 
maintaining a cycle property and the stability at the time of an elevated temperature by adding the 
manganese of the specified quantity to the lithium nickel multiple oxide used as positive active material 
further with cobalt, aluminum, and boron by this invention. 



[Translation done.] 
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& 4 £ k fc A*. ffifAlWB»*<0 
fftT, im#f<OK&<0%iTV>mmtf£. &T * , 

/U'\.coS}&7t3§fcLT3A/t,K T/US-'z-A&Vtf <5 
^c5^tcS^covv*'y^5Dx.4£kki l 9, 1M 

LTjJcms#<OS(i[«Tr S#^4 £ k tftva 

[0006] *»»iHW UK 



20 



( 1 ) 



«J2L, y. a, b, cSl^dli. Li, Ni, Co. 
A I , Mn&VBffymiUt^ypL. yi±0.9£ y £1.3, 
a. b&tfcliO. 1< (a + b+c) SO. 3T& 
0. alio. OKagO, 2, btiO. OKbS 
0. 1, cliO. OKcgO. 1 "C#> *) , dliOSd 30 

so. 03) V7p%iii>v+v£.-v'}-ii'm-&mmi)> 

[0007] *»i»o'jf-'>A--»^/i/a««flsitui. 
jje-** ( i ) t'7-rs*i4 Haass («j&> simw 4 

JkhfcllSSBfrf 4 £ k (c J: Witt 4 £ k * { T'£ 4 . 
m^J^- y *AQfefflC.mt . Jiff fclM 7 M» 

A^^yz<WKft<0Wx*/Wdp-Hfc?(>H4jEffiie*Kf: 40 
Lrtffi^tOT'ft4. 

[0008] ±ie-ifi5<i ( 1 ) TSfrgJlt iJf-<7Ar v 

0 . 6 8J3Lt*<»4 L < , £ fllilTT'li— y ^/U&lEffi 
vSf^JS k LT lim^fiA J ffi-t r 4 . 
[00 09] 3^>hSJ«fiti0. OKaSO. 2. - 
Trt^ -^Afij&fifiO. OKbSO. 1-C*fc»), a 



4^\ +)"f ?;i^ftt, JtftflBS^fclBIjffl*** < 4 . 
-MT\ 3/N>h. T^Sx^aW^^^HtuSS 
vy^'y^jo^/'cHTcSSJft^kL. +T't^ 
t^lllfEffl<0J!Sv>3A>hw^^-7>'^>-ca^«!i. 
4k, r/U5-»>A^«UlfcJCtfc«iai^<0^tti*tt 
^ Loo, i feKWt a^i/ h <offi|flft*f^=Sr < &-> 

*T'#4. 

[0010] *#K*ov>'* , y<olMMfflti s x. y ^ 
^S*-f43^;Uh, T^S-^A, Sr/*»>*<Oj$ffl 
fit J: 0S : 5r , 3^w|!8Jg$n4 t«73T'H^^*<, ff^ L 

<iio. okcso, i x-$> o , ftfflmmcomx' 

{i«t0ff4t<{iO. 025ScS0. O6T*»0,-e- 

imiEffl^ffS L<JiO. 0 5ScS0. liO$gHT^ 
4. £<0*&s ^<kt>0. OFUUbfttitfO. 14 

[0011] *<}35sW<£fflfi(a, ->y^^S^t4'3 

*)®izMfe%ix$> h<DX'it%\W. ff4 1< (iO s 
0. OSTJ) 1 ), Ztlt>ff)$mtZt$^X-f4 f/Vffli. 
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ftttOfl&T. #ffiO>ffiT) tfniti&Th*), 0. 0 3£$ 

yRX/Tt^X'cry-yinl-mmmHt. MT?>$SfflX't> 

(l)a, b&Z/cte. 0. K(a+b + c)£0. 
3. (2) aliO. OKaSO. 2. (3) b{iO. 
OKbSO. 1. (4)cl20. OKcSO. IS. 
IM5) dttOSdSO. 03X'hhZktfmiU. 

[00 13) 

[f£WSi£<OJBJgl] *milz{%hZ>V1-yAJ 
ffl(a$c8B«3^*;W b . r/t-S -?A&tf+^5£<7DZjt3l 
— gfl & ytfy-VW. * Jfti E97E3B3RT- y $7KD-»£ 

WTiOj: 5 fc#iMl*. L i N i O 2 (0 

Sto— ft|5$: v -sij >~C&.% fox. Z> Z k t J: <0 . n / <>u h 
#'>=5r <^r*5 -t^^Sc^O^fiHST^WM $ 

N i i-(««b«c) Co* A lbMnc (OH ) un-m) (A"") 



(4) 1^2000-149923 

6 

*fc, JblSL i n i o?«o-v^;ko— assayN'/PhT-a 

*) L i N i OifllJSi^^ifcA^aWBWtfiJW 
tfcfc'ti&flS. &~>T. Liy (N h-L*b)Co. • 
Alb) i-dBd02-C^§^-7^;K 3A;UK 7/k 
*) ^<r>=jt^MMz% t X £ A> 3 ; h co-Sff 

fe^^yTBSaiifc+JfifiBWHR* ( 1 ) ?*§fi 
& 07£#S^ Iz-f&ZklzJ: 0 H7u^*T-K§ $ fut 

<V&JEMs$L$mt-fc& ( 1 ) X'nkZtlfijmktth. 

[ooi4] *mto y f 1 -* a - y ^/utt^iMKftttja 
[0015] -aw ( i ) 

Liy (Nii-(a<b<o)Co a AUMnc) i-d Bd02 
(ilU y. a. b. c&tfdttLK Ni, Co, A 
U Mn. Bral§jftJt£/5U ytiO. 9<y<l. 
3, a, b&7J<ctiO. K(a + b + c)S0. 3T 
alio. OKaSO. 2. b{±0. OKbS 
0. 1, cliO. OKcSO. lT*>Os dtiOSd 
SO. 0 3 ) T^Sft* Uf-^A-y ir;U4££B8ft!|i,£ 
fcv>T. CI) *?*£*4fc^ (d-0) WflteT* 
oT:-|W(2) 



20 



i • mHzO (2) 



(sW, A"-(infif ( n = l-3) <r>7-*y. zMf 
m\$Zti'?tiQ. 0 3=£z£0. 3. 0 Sm<2cr>m& 
£to&tl>1fi>M&ifrt. ) X'ir^til&mk&l&mz 
y X-^-t U f - •> ^ H^U&fcffl 31" & Sf5 'J Aft 

<9IJ£^^, »ft»HSlTC»6 00-900 *C. » 4 

[00 16]**, (2)*tf*£*tMd*0) «>* 

HK^(2) 

Nii-(«t>c)CoiAliiMnc (OH) 
(2U-nz) (A n ") z ■ mH20 

(^cf. A""(±n« (n = 1—3) C07-^X zSl/ 
mli-Ht^h-O. 03SzSO. 3, 0Sm<2c0igH 

ti»j£-r*iE<^Bc**r. ) x~7jk$tiz mttiz&mnuz 
»t«a-*-**<o ^">Aft^$-7KMf*+t«D u 

0 0-9 0 0-C, «4«HBKLWWW-*c:fcfcJ: 



owmsHzmzixh. 

I 0 0 1 7 ] 'J -^Aft^fc LTHU Witf. L i O 
H, L i NO3, LizCOsXJidflA,^^!!^?^ 

1 axil 2SKU:*ajKf « c: t tfX'%- z> . 
[0 0 1 8] &£te&@SKfc,ti>A«-fc LT*i. Wi. 
fef, NO3-. CI-, Br~. CH3COO-. C 
0 3 *-. SOtt-WK'^ZtlhT-Xyfrbmm-hZk 

[0019] ZtlL><Mk-£Wzti^XW$. « 
•3S<oWWai/Kft{gJSS!imsg5<oSl^*>^ y-f-^Aft 
SfttLTIiLiOH. *^ft^5tLT«i*^g|. 

[ 0 0 2 0 ] £ £T«^6«atttA8Witt. N i 
i-( 0 tk4c)Co«A I bMncS<07K?^?St*tLT, J^O. 
7-0. 95^fi. tftKlttoO. 8-0. 95Sfi 
<07;U# 'J $:^8 OiCiaT«)EJ6ftfrTTllD«.TRJ6S 

7/U/7 y t UTti. Wi.*i'7i<S?ft-7- N 'J-7A9W7/U* 



40 
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w&mm>*mm. rsfjpf-ea*. 4a, coa 

&tt&BK(2&Att 20~70*CTO. 1-10 ttfflffi 

[0021] *»7*flte*i: LTttv *-7®.x EJ^^K 
[00 22] £«*4l^fcioT»4>fufc*5y-tf> 
[0023] 8LO®miZnZ> Z b tfX' 

[00 24 ] 6 0 0-9 0 OX:. L<(i7 

5 0-8 5 OTWiMUOffCfrVV ift4B# 
WCLhTff'5. #4L<Ji4-7 2«IB. «t'3MSL< 
<i, »4~2<mRHI*a'ftV>. t^HB]**7 2B$figja 
lttt»3X h7-y7-fc4.MWe4< „ U-f^A 
W®gfcfc#V\ ( N itCo+Mn) CO 3 [I<0§iJ-£a>'SJ 

[00 253 COttJRWIWittWni, 
ft^&tfiTlix 2mifh 3[Kfc49#:fcV^?77l/teJt 

lt . < t «> 2 o *raeuu^»«*q8*s *it v w; 

[0026] SWf«S^* <?ft*£fc(i7VXj£jBi£ 
[ 0 0 2 7 3 0Utf. JUERiaW6»ffir»fc%-fc^ft 

®hZ.btfX'*i. 

[00283 PMH^TfttttRftili-. «£SML Aft* 

L iy ( N i l-(a.btc) C o 

<i§U. y. a s b. c&t/dfi. Li, Ni. Co, 
A I , Mn£l/B<7)Mjj&t£7r;U yl20.9Sy 
a, b&l/cttO. K(a + b + c)S0. 3T"& 
afiO. OKaSO. 2, bfiO. OKbS 
0. 1, ctiO. OKcSO. \Xh v ). dfiOSd 
SO. 0 3 ) $ ft* 'J f"7 A- y 7VHS*iMt»T 40 

[00353 mkxsm^m^xsmm^h^mt 

(ci •? =M yfflZiWKWfloy^ -y h«J««iEfi«rfrai 
[0 0 3 6 3 4fc, lEmWMmmt &mt® b'U 



(5) #^2000-149923 

8 

[0029] l&Effili. ri^ta, tt&adHMcJ: OH 
49. #teR8^§n6i<OT(i4vW s 1^5 0 0-3 
0OOkg/cm'ig*Mt^. 7VX{£J&tl 
fix fT^tlx y^7h7yy, O-^U V.??-*? 
iMt^ffl-Cx? **<7^XT'3 h t><?>T*>tl\f «fc < . ft 

[0030] TVXfi,(7)3?Kti. l~4g/cc.»S 

u<n2-3 g/c cgeaqrarc**. 

[0 0 3 1.] 7"UJi«#Ut. *mfflHWEtt#K<4 

"!^saaflo«ft«rcAs^i4<. aKeaasfq-et 

H*t«JB-f4ifc*fCx*4. 
[003 2] M7UXMi, fOliS^JKxfn 
S. M)3xvSg{ix iffi^6 0 0~9 0 0'C, #iL<H7 
5 0-8 5 0'CT'x K*Sl«T, 4B$WfiU:-Cfr->. «| 
J»SRI* t *v«-jKSfl4**<4«or> «M»$ISli 

[0033] znt o izixnt>ftfi±ii-m ( l ) 

fflVifflfO 9 8/0 6 6 7 O-^fcgifeutlSSOJW 
^M$14x «xgn$W$gtt$ri? ! (^L4* f 4). 5f>(c?Ei5( 
?lfj^co3x#. Stm^omffi^^^ fut {, nx-h 0 x 

[0034] "t4^*>x ^Bfl^^tBBJR'J-f C'A'f 

«*fc*»Xl«HJ[ UT4* 4 4? Mem 

)»tffi y f-9 A-f ar y ~ ^t±Ix!iEffiiS8!l«tf 
-i8* ( 1 ) x 

A UMnc) i-dBdOz ( 1 ) 

Sx^ats H-^N-^f-^fDy Y^y^mk^^kLx 
[0037] jtjeiESifix 'j^A*K-raiflKK- 

5xLJ:*ttH. x!<oyf-'t'A5rK-7 , &Vffiih--7'HT 
ffi4flflfcLTtt. Mitf, Sx^M#5g«x 

^-H;^-^^*fx7)3-^7. 
«x i/57r-Yb5lx #9XRK*a. 7x>-;l4B 
Bix 7 5>«l^&a34iMrcil^Ufc*ajlHHHk 

fi^yr-tf-uy, ^yeo-/i^<??,-Ky-7-^s:ftffl 
y^A-^ttrtix MiifUf- 
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[0038] a«ii. wior . *sRs$ffi&ttH-f 
nsBttsRawi i k t «t o 3 -r >mz.<m%.M<7)n< 

■y N a s$ flwt - t £ . &g y f. »> a 

«ku 7 h»*o-t«««fcfl-ifeik< i k 1 * o io 
[0039] i^vmw&xm&zmj>s.?i>3t*ttim 

k LTIi. gftPttMOKfr UMcSttXIi'f *y*«tt 

-5 ^ttftHt*BiKM** ffifflti i k **? & & . 
[0040] Jttm&*McfflRfc L-T<d, 7n KU 

>\ l, 2-^* r-^iVx*>\ i, 2- 

yjcbdf^x^y. 2-^f;Ufh-7hKD7 7^ 3 20 

Y . i>7"D e/kfr-**- StBfcttffl** £ k 

[004 1] UTtts Witf, L i C I Oi, 

LiPFe. LiAsFt, LiBFu LiCF 3 S 

o 3 . Li n (cfsSOj) m*®mr:%h. ft*m 

a. 

[0042] J2TF, *«W«BIUC-?V^t. £JSM£ ti 

[Jttfcffl] (HJS0J1 ) L. i N i 0j«7)X.yir;K0^ 

i :Co: A 1 :Mn (*/VJt) = 80 : 10: 
5 : 5fflji£THJft-f&*&& : N i :C o : A 1 :Mn^ 
Jt=80 : 10:5: 5 k 4:4 J: o fc«»- v •jr/U. ft 40 

(N i +Co + A I H-Mn) <0± J 6/MBtA<4. 0M 

h 'J 9 ASS&fflflR U jai!KV7* jfi^TB*** 
fciStfT. WSfllfcpH 9 . 5 fc «r* J: 3 £nB$fth£:|f 

fc. ftfeftfcras&Mkroi* (^u, 

&Lfc&<0£>*fiJi$M\ N io.eCoo.i.A U.oisMno.os 
(OH) i.t (NO3) 0.35 • 0. 2 2H20T'$>-7 
fc. ) . *te®ffl§-£>fc&. BuENi. Co, Al&y 50 



Mi 2-0 0 0- 149923 
1 0 

MntCftL (N i +C0 + A 1 +Mn) :Bt;l/Jfc»9 
9 : l(sH3-?*Jto*<>IKfcaBDl. 
fc. £<OX5'J-£L i/(Ni+Co+Al+Mn + 
B)=l. 0 5O=e^Jktffla+4ft»3. OMOTkK 

«SK TP-630S) (CT»*»iiT. 750-8 
5 OWBItl 5«BH*I*«T-J>fc. tt£«P)XltH 
Jff8IS:£1?o£:k£'5Joint committee on powder diff 
raction standards (tlT J C P D S k"f 4 ) <O0 9 - 
0 0 6 3 ( L i N i Oj ) fcfi8S*ufc;i*-i/fcSBH- 
LTiiO, LiNi OiWm-t&V-flWlW—? 

tiW>t>M:< . - 7 y;^r<0$##- » 
»cffl?SUcL i N i OitRl**5ttlM«je5&^it*» 

[0043] Iffieo^fiS; : JEKHMIi. ilTESiS* 
S t SWW/Tft & 7-fe f - U 9 7 # fc tt^l t UT r 
7oy£ffifiJ.tT-7 0:20:1 0 k*4J: -3 tffl^ 
Us C1<0IE®<J7 5mg£3 hV/c m 2 TESl 8omCO 
^l^7h^{CjDEJ^L, m&l 6iran(CfI*>»^ x 

[0044 ] MIUES7 S:T;Ud'y|^H^ l O/D-7'^ 
7^X<ft'2 0 3 2^3^y?|?6t^iT? f i. fi&2 
tCtiiSSl 5mm. J?$ lmKOyf-^A^E^fflW «M 

?St{il^;i^)Li PFefcSftffikf&xf-u-ya- 

(EC) k^f-^*-,if*-h (DMC) <0 

[0045] JSLhmfcteLTfMlLfcltttov^T. 
3. OV— 4. 3V«©|6Kffl-CO. 4mA/cm 2 WlS 

mntmim 1 5 t^t . 

[0046] (5lteCT2) Li N i 0 2 (?5X.y^/Uco 
1 k RjffljS-CS^ L 4V»« 
* : ^JtW 1 -CttWlfcRJfc;^ U -{uL i / ( N i + 
Co + AI+Mn)=l. 0 5ff)^JUmz^-fhR<r) 

3. oMo*BMtuf">A*jsa*j«aoLfctt» 

*i«E»WfcTWWBiT. 7 5 0-8 5 O'CcoKffl 
Tl 5««B«|SEtff-9fc. i&moX&wmSfcift'* 
tltZ$ JCPDSW09-006 3 te^SiUt>^ 
->k««tT*Jy. L i N i O 2 ltZ)§H%~t %> t*— 9 \!k 

Jl-we- 7 \±m> hti% < , s >y y;wWk>JK^*<- 7 
y/Kc^r-fcSKtLfc L i N i 02 k |5l^(^a a B fll)i5: 

j*oik*«flKSiifc (H2> . s<^fc. mmitn 
t . fett£tt«tt*k ws^iaiiw^f « 1 aona 

[004 7] (^SSW3) Li N i OtV-v-yiW) 
ffl^Ni : Co : A 1 : Mn (*:/klt) =80:5: 
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1 1 

5 : 1 OSSjrCffi&f :Ni :Co:Al :Mn * 
(*/Ht) =80 : 5 : S ■: 1 Ok** J:-5fc«SK~-y ' 

3ak WiSPAyuK met ii/tssvy 

#y£ffiwc (Ni+Co + Al+Mn) <7)£t;H&a« 

[0048]**}. &*T1# fetlfc»64aft<0HME 
iskLfz^mtM\in i o. 8 C oo. oo A I o.osMno.i (0 
H) l.si (NOs) o.i3 • 0. 18HiOT*ofc. 
«WX«B»Halft*4T^fcki4JCPDStf)09-"0 10 

06 3fcB»Sitfc^-yi:a«lLT»0, LiNi 

2) . S^tc. H»WltH«(0*ffiT«fS*fl«U' 

ttAtftO&«£a 1 R.im 5 lzni\ 
[0 04 9] (HMM) Li N i OaO-y^UO 
^*Sl^3fcHI§jftT1»JIU *?****$VM» 
£ : Hfil5«3-C*}feiUtEKX9 U-KL i / (N i 4- 20 
Co+AI+Mn ) = t. 0 5<7)^itlzn^ti>^<0 
3 . 0 M«9*BHfc U + «7.Mt****HlD bfcfc. ttfflg 

ftKre*tfMETCl«aMT. 7 5 0-8 5 0'CCOSKH 
•CI 5»*ia8fi&M7->fc. tt£ft«>X|ft|i|ffi|£*1?<> 
£fc .1 6 J C P D S<7) 09-0063 fcg&Siufc/'?? 
-yfc^fKUTfcO, LlNiOifc»*f4tr-^Ja 

$7Mc*»-lcn»L,fcL i N i OtfcmfttftJMffitt 
#o£fciWW8Sfifc (02) . $4>£. JittfflLfcH 30 



}fBJ2 00 0-1 4 9 923 
1 2 

6 tc^-f. 

[0050] (itSHJU) LiNiOjO-'^M 
8J#£N i : Co : A 1 (^/Ht) =8 0 : 1 5 : 5ffl 
f&X-mm-th^ : N i : C o : A 1 ( t/Hfc) =8 
0:15: 5fc*Si-3fcffiK-7ir;K BKn'W'b 

aun&BK r/us-^A^fflv^ (n i +co+a i ) 

*>fc4. 0M«#^^HJ?A»JSfcWKU £fs|f 
yr£ffl^TP5*&&£$f#T. Rf£3BfcpH9. 5fc4 
<b<ko tcnBttfihi&fT v V KfCfSS 2 5 *C. l 

TfcffiL -a^LfciOOiljfcli, Nio.sC 
oo. is A 1 cos (OH) i.bs (NO3) 0. 19 • 0. 24 
HtOTfcofc. ) . *fcaKB*^a. mifBN i , C 
oRVA 1 (Z*fL (N i +C0 + A 1 ) : B (t/PJt) 
= 9 9 : lt3H3-f6S0**RHniU' X9«J-fc 
Lfc. MX^'J-fcLi/ (Ni+Co + AI+B) 
-1. 0 5«HE/WjfclC«STr««^3. 0MO*BKby 

7 5 0-8 5 onnSfflVl 5B*ISWW*fr 

«a»ox»iii«i*tfciT-»<:kc*jcpDS 

<0 09-0063 fc«»3 ftto t # - V t a« L T fe 
0. LiNi OifcttSWi e-WMnt-f &JOh 

Ltz L i N i OifcHato»JM«££ftO£fcjWlB3 

fufc (B2 ) . 3 6jc, xftm iinmiat 

[0051] 





mas, 






U(Ni0£Co0.lA]0.06MnO.0S)0.99B0.0lO2 


89.9 




UNi0.8Co0.lA10.0BMn0.06O2 


88.3 




U(Ni0.8Co0.05A10.06Mn0.1)0.99B0.01O2 


87.6 




UNi0.8Co0.O5AJ0.O5MnO.lO2 


85.6 




U(Ni0.8CoO. 1 6A10 06)0 99B0.01 02 


86.1 



[0052] (mm5 ) LiNi oiff)~~,fiw> ma, »*T«feii^Kti»H)o-aj|£«ufc»<oiaa 



fflUN i : Co : A I : Mn =8 0 : 1 

2 . 5:2. 5 : 5«fi£T«(W&*a : N i : C o : 
A I : Mn (^Jt) =80:12. 5:2. 5:5k 

%hXdizmt-vtr>w mmaj<^b. mm r^s 

->->A &l*TigS?vy#y£JB^T (Ni+Co+AI 
+ M n ) <r>£W®L&4 . 0 M t * « IdSS 



(iN i o.eC oo. usA 1 o! 025M no. 05 (OH) 

1.79 (NO3) 0.235 -'0. 2 1H 2 0t'S)O^. 

<OX&08fffl££^£fc£6JCPDS<OO9-OO 
63lCfi«3*l3t^-yi:a(filLTfeO. LiNiO 

^;UtW^^-v^fc%-fc|ilJ§LJt LiNiO 

2 1 mmntiiimm zttozt mm fut ( ® 3 ) . 
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<ntm & m 2 Rvm i foa<t . 

[00531 (Jt$f#J2 ) L i N i Oi<D-v 
#£N i : Co : A 1 (W)b) = 80 : 17. 5 : 
2. 5J§J*Til»f*** : N i : Co : A 1 (*/W 
It) =80 : 1 7. 5:2. 5 k & h 1 d v *r 
;K HKSAVUb (N 

i+Co+Ai) <o^ ; e;Ha:*«4 . OMt^-SS^X^ 
*£H« Lfc. S f>C4 . 0 M«*Kft^ h y 

ffilCpH 9 . 5 k & & i d tR^aSlDSrtf l\ 2 
5-C. jfffmni 5^"C3tRKJBitfr»/c. WfcfifcR 

N i 0.8 Coo. 175 A 1 0.025 (OH ) 1. 84 (N 

O3)o.i85-0. 2 3HaOT«V»fc. ) . 7KtC^)5$ 
•ttfcft. Wa2Ni . C o&V A 1 fc*t KNi+C.o+A* 



(8) ^2000-149923 

1 4 

* 1 ) : B (*Mfc) = 9 9 : lfcfflStiAfM^K* 

wiu *5y-fcLfc. cKo^^y-fcL i/ (n i 

+ Co + + AI+B) =1. 0 5<7)^Mfckffl3t&l 

Ah.frSEf^tTltmfiT, 7 5 0~8 5 0'CCO|E 
HT1 5a*|B«tttff>fc. «««W>X»iWf«j|feff 
JCPDS<7)09-006 3tcS$J§^A' 
^-ykaittUTtJO. L i N i OitfM?&e-? 

io mw-<mmt>n%<. -*/*wm<nmifi- 

v^M:«j-fclB»LfcLi n i Otk|g)ftottAflGi 
fcft-oifcsWIBSixfc (03) . gffcfllk 

fe. mm&mmtwmmi&ntm&&2mM 

[0054] 
[*2] 







mum, 
mm 




I.j(Ni0^Co0.125Al0.025Mn0.05)0.99B0.0lOZ 


90.6 




U(Ni04CoO. 175Al0.025)U.99BO.0lO2 


87.2 



(0055] (%Mm6 ) L i N i Oi<7D^ -y^PO 
SflfrS: N i : C o : A 1 : M n (tMt) ^70:1 
5:10: 5ifflJitT-ffi$*-&«-& : N i : C o : A 1 : 
Mn (*;Ht) =70:15:10: 5 fc^r-g. J: "3 

fflrrytfyzm^T (N i +co + a i+Mn) cn^t 
^Ri64rt*<o-a«i6«Lfc*«ffl«»iN i o. 7 c o 

o. 15 A I o. i M n o. 05 (OH) i.ee (NO3) o.m • 0. 
2 3HzOTj)-v^. 

[ 0 0 5 6 ] 4^«<OXItl§|*fiel£*4T -?>t k i J C 
P D S W 0 9 - 0 0 6 3 fcg&S ilit A ? - y t m& I 
TfcO. Li N i O 2 fc»JW * V-?&5UO t- ? li 

HSUfcL i N i Ozt [5]^<7)^ 8 B at«^^-0^k75<ol 
BSftfc (04) . $*>fc. »fiWlklSI*co»ffi-C« 

[0057] (Jt®0>l3 ) L i N i 0 2 <7>- v *7K0S» 
ft* N i : C o : A 1 (^Ujfc) =7 0 : 2 0 :' 1 Offl 
^T'ffijftl-S^ : N i : C o : A 1 (*)Ht) = 7 
0:20: 1 0 k «fc 0 tWK-v^/k ffiffiaA'/U 
h H«7;l'i-7AJ'fflHt (N i +C o + A S 



5t%b l okWmMZfrW «5iSK2 5'C, m 
B#m 1 5 »TXKSU6 2rtf-?7t. ^^/XJtKJE^Ho^ 
zFi§; Ttx^fet (^cfc, -«a«8«L3tt<0<O«j«i. N i 
30 0.7C00.2A lo.i (OH) 1,79 (NO3) o.3i-0. 2 
4»zOX'f>^. ) s mrfSN i . 

Co^t/A H^fL (Ni+Co + AI) : B (t/U 
lb) =9 9 : lfcfflS1-&fi<0*>7S!$:»L, 
-ktfc. ^cO^^y-fcLi/ (Ni +C0+AI + 
B) =1. Q5Wl>jkl l Zto%-tZ&<7)3. 0M<r>?m 

TIK^jITs 7 5 0-8 5 0'C<O$EHT' 1 5^m. 
«EI*!»<0X»ig*fjei3eSffr>Jt k J C P 
40 DS<009-0063 ta»Sflfc^-y ka«UT 
tJl? s L i N i 02«im-t-|>f-^E(H(7)tr-^(i!2 
ft < . - «y ^I5lj'k)*#*f- 7 ir;Wt^)-(Cia 

[*3] 



10/28/04, EAST Version: 2.0.1.4 



(9) 



§2000-149923 



15 




1 6 
















L.i(Ni0.7Co0. 15A10. !Mn0.05)0.99B0.0lO2 


91.0 




li(Ni0.7Co0.2A)0. 1)0.9980.0102 


85.2 



[ o o 5 s j w±<r>&mt a ithh t m. 1 (TMrn^ft 

2 1 3 zimth t ^vtivmmb^z.. *<o#3/n* io 
n^s$fi*^< tth tftimMm'i&T-th z tit 

mm 6 hitmi 3 iz&^-ftmtomtf&gz ixx a 
t h z. t iz x o Kwrn^Tmiffi <=> n s . 

[00 5 9] 05. 6, 7Mf8MtS$kfrh&m 

mmmM.m&mmnimM.mz&^ih<&%% 

[0060]^; T'tt^jsnrvr/ufc Lxmm 1 . 20 
3mfmm i <w 9/we&*M ftv&izm-h® 



■ [006 D m?tfiofm. tt£&ffligitM i tft->T 
ivt utwtw i . 3ai/itKw i n^-rtmrn 

[0062] &&ltzJE&t7*^M%giW:£.X£f&i 

jit. i.ox;/iho^»a«t«ie*tTV«*K«a 

ft. fttfcK-?a*fci»&U *«>tt**»4fc>-pt. 
[006 3]' 
[&4] 











236.8 


233.6 




234.2 


236.3 




234.0 


237.2 



[ 0 0 6 4 ] 0.4 i 3 fc^flfcffl 1 &tf 30* [ 0 0 6 5 ] 





mmmmm 




mm s 


232.8 


231.8 


mm 2 


233.1 


230.0 



B^)K)?ii^s&?aftai/5l^e-^sftfcii* ? ^A»ix^ 

[0066] 



[Sfficofsm&siBjn 

[®i] *»BBo5UfiWfctift 5 'J +*i a ^ * 



[02] UttMi. 2, 3, 4mfl\m\\r>\\&to 

<T)Y.RT>Xfoh. 

(03 ] mmRViffliM2<r>tt.&toX RDTJ> 
[04 ] mm&VWM30M£W> X R. OTfc 



10/28/04, EAST Version: 2.0.1.4 



1 7 

is] mm is iwtiMM i cotm*-7Th 

16] m&M2. 42tVlt«Wl<Otttt*-7 s C* 



a. 



(10) 8B2000-149923 

1 8 

[09] xttMi. 3Wimw\m47Mi}m: 



[Ell ] 

7.7F.W 

1. 2. 3. 4. 











k 


dp 




1 — H 


i 





«. 7. 8. 



[032] 







J 


...**« 3 ..- ..L.i * .... A. ^ 




. a*** L i ^ _ A A_ 

A A JL. A A... 







26 (CuKa) 



10/28/04, EAST Version: 2.0.1.4 



(11) 



^2 0 0 0- 14 9923 



[03] 





, _JjL. 


— i .. -J La. 









O ; 20 AO Q0 ^ 

ZO (CuKa) 



[04] 



: . J 




. ft A. JA_A 









0 20 40 60 



2e(CuKa). 



10/28/04, EAST Version: 2.0.1.4 



(12) 



19B2 00 0- 1 4 9923 





10/28/04, EAST Version: 2.0.1.4 



(13) 



1*82 00 0-14 992 3 





10/28/04, EAST Version: 2.0.1.4 



(14) 



#1^2 0 0 0- 14 9923 



19] 



106-. 

loo- 

«5- 

90- 

85- 

80- 

7»- 

70- 

68 

00 

68 H 

BO 



*«*«*; 



29 



50 



I 

90 



F 4G030 AA02 AA25 AA28 AA29 AA35 

AA36 BA03 CA03 GA26 GA27 
5H029 AJ03 AJCfi AK03 AL06 AL07 
AL08 AL12 AL16 AM02 AM03 
AM04 AM05 AM07 CJ02 CJ03 
CJ08 CJ28 EJ03 EJ05 HJ02 
HJ14 



10/28/04, EAST Version: 2.0.1.4 



